Previous studies comparing groups of subjects have indicated differential probabilities of stimulus equivalence outcome as a function of training structures. One-to-Many (OTM) and Many-to-One (MTO) training structures seem to produce positive outcomes on tests for stimulus equivalence more often than a Linear Series (LS) training structure does. One of the predictions from the discrimination analysis of R. R. Saunders and Green (1999) is that the differences in outcome between training structures should increase with number of class members. The purpose of the present experiment was to replicate and expand earlier findings on the effect of training structures and the stimulus equivalence outcome in a single-subject design. We wanted to compare the stimulus equivalence outcome in three 3-member classes to the outcome in three 4-member classes. In addition, we included all trial types in the tests and also changed the density of feedback before testing. The results from the current study replicated some earlier findings and showed that OTM gave a slightly better outcome on the stimulus equivalence test than MTO, and that both gave better outcome than LS. Thus, we did not find that MTO was superior to OTM with increasing number of members in each class. Reaction time data also replicated earlier findings that showed an increase from baseline to testing, and a more pronounced increase in reaction time on equivalence than symmetry trials. Differential procedural issues and some contingencies that could be important in understanding the results are discussed.
training protocols and training structures. The training structures and protocols seem to have dissimilar effects on responding in the subsequent stimulus equivalence tests. A training protocol defines the sequence of training and type of tests. Imam (2006) has given an account of three different training protocols: simple-to-complex, simultaneous, and complex-to-simple.
The term training structure has been used to refer to the sequence of conditional discriminations and the arrangements that link stimuli in baseline training (R. R. Saunders & Green, 1999) . The training structures have been labeled Linear Series (LS), Many-to-One (MTO) or Comparison-as-Node (CaN), and One-to-Many (OTM) or Sample-as-Node (SaN) (see K. J. Saunders, Saunders, Williams, & Spradlin, 1993 , for an overview). A node can be defined as a stimulus that is connected to at least two other stimuli. However, the effects of the number of nodes can only be studied when using a linear series training structure, because increasing the number of members in each class does not influence the number of nodes in MTO or OTM. A number of studies have found nodal effects, i.e., stimulus equivalence outcome decrease and reaction time increase, to be a function of the number of nodes (e.g., Arntzen & Holth, 2000b; Bentall, Jones, & Dickins, 1999; Fields, Landon-Jimenez, Buffington, & Adams, 1995; Kennedy, 1991) . On the other hand, some other findings contradict this when the number of trials is equal per nodal number (Imam, 2006) . Dymond and Rehfeldt (2001) have seen reaction time as an important supplementary measure in research on derived relations. A number of studies have shown a characteristic pattern of reaction time to comparison stimuli, that is, an increase from the last training trials to the first test trials and a decrease during testing (e.g., Arntzen, 2004) , and a substantially greater increase for equivalence trials compared to symmetry trials (e.g., Wulfert & Hayes, 1988) .
There are two main reasons for the interest in investigating responding in accordance with stimulus equivalence as a function of different training structures. First, in the original analyses of stimulus equivalence, the three training structures were expected to lead to the same outcome on test for stimulus equivalence. Second, a number of experiments have shown that responding in accord with stimulus equivalence varies as a function of different training structures (e.g., Arntzen, 2007) . Some studies have found that MTO is the most effective training structure (Barnes, as cited in Barnes, 1994; Hove, 2003; K. J. Saunders et al., 1993; R. R. Saunders, Chaney, & Marquis, 2005 ; R. R. Saunders, Drake, & Spradlin, 1999 ; R. R. Saunders & McEntee, 2004) , while others have found results in favor of OTM (Arntzen, 2004; Arntzen & Holth, 1997 , 2000a . Although there is at present no clear evidence of the differential effectiveness of MTO and OTM structures, the LS training structure has consistently been shown to be the least effective in producing stimulus equivalence with a simultaneous protocol.
However, most of the studies that have shown the superiority of the MTO training structure have used a two-choice procedure (see, e.g., Barnes, 1992 ; K. J. Saunders et al., 1993; R. R. Saunders, Wachter, & Spradlin, 1988; Spradlin & Saunders, 1986) . It is therefore a possibility that the S-control could explain the differences in stimulus equivalence outcome between the studies. Negative contextual control can be reduced by using three or four choices in the matching-to-sample training (Carrigan & Sidman, 1992; Johnson & Sidman, 1993; Sidman, 1994) .
Some procedural factors could be responsible for the differences in the studies that have compared the effects of different training structures. For example, the differences could have been due to the types of test trials included in the testing, as argued by R.R. Saunders et al. (2005) , and possibly also to fading of consequences before testing. In a recent experiment, we found that for most of the participants, the baseline performance was intact during testing even if the participant did not respond in accord with stimulus equivalence (Eilifsen & Arntzen, 2009 ). R. R. Saunders and Green (1999) put forward a discrimination analysis of training structures and the effect of using different training structures on stimulus equivalence outcomes. According to this discrimination analysis, for the performance to meet the criteria for acquisition of trained baseline relations as well as the criteria for positive outcomes on all tests for stimulus equivalence, each stimulus must be discriminated from every other stimulus in the experiment. Thus, different training structures can lead to differences in the probability of a successful outcome on tests of stimulus equivalence because the numbers of necessary simple discriminations differ across the training structures. According to the discrimination analysis, one explanation for the difference between the outcomes of following different training structures is that during MTO training, every simple discrimination is established, although this is not the case in following LS and OTM training structures, because these training conditions do not ensure that all necessary discriminations are established. For example, it was argued by R. R. Saunders and Green that OTM (A→B and A→C) does not require the participant to discriminate between B and C stimuli during baseline training because both are presented as comparisons and, thus, never together. However, during the test phases, participants are required to discriminate between BC and CB stimuli.
Nonetheless, relatively few studies have tested the predictions made by this logical analysis. For example, if the above argument is correct, the difference between the training structures should be more pronounced with larger classes. However, R. R. Saunders et al. (2005) tested for responding in accord with stimulus equivalence in two, three, and four classes after training conditional discrimination. First, they found that responding in accordance with stimulus equivalence in the LS training structures decreased more rapidly with the increasing number of members and classes compared to the results from the other two training structures. Second, they reported that the comparison between MTO and OTM was in favor of MTO as number of classes and members increased. The difference was most pronounced with 4 four-member classes.
In the present study, we wanted to test the prediction coming from the discrimination analysis that the probability of responding in accord with stimulus equivalence differs as a function of training structures (LS, OTM, and MTO), and should be more pronounced with an increasing number of class members. Furthermore, we wanted to see whether this applies to all trial types included in the testing, not only the global test for equivalence relations, and to investigate if reduced feedback before testing would result in any differences compared to earlier results from our lab. We also wanted to study if the order of training structures is important with respect to number of trials and outcome on tests for stimulus equivalence. In addition, we wanted to study reaction times to comparison stimuli as a function of training structures, and determine if number of training trials and errors increased as a function of training structures.
method participants
Twelve participants were recruited during lectures and via personal contacts. Eight of the participants, four males and four females, were students (19 to 29 years old). The other four participants, two males and two females, were two adults (25 and 27 years old) and two children (#1351 and #1359, 10.8 and 13.6 years old). All participants were unfamiliar with the stimulus equivalence paradigm and had never participated in such experiments. Each participant read and signed a consent form and in addition to being given a written information sheet, were informed they could withdraw from the experiment at any time. All participants were debriefed on the purpose of the experiment and stimulus equivalence after they had completed the experiment.
apparatus and stimuli
The experiments were conducted in two different labs. The college students sat in a small room with two tables and some chairs, and the other participants sat in a small room with two tables, a chair, a bookcase, and a bed. One Dell Latitude D510 and two Compaq nc6320 portable personal computers, each with a two-button mouse and a 15-inch monitor, were used. The experimental software was made by Psych Fusion Ltd in collaboration with the first author. This matching-to-sample software controlled all stimulus presentations and the recording of the responses. procedure general overview. We started training with three 3-member classes followed by three 4-member classes for all three training structures, i.e., Linear Series, Many-to-One, and One-to-Many. Each structure had its own specific set of stimulus material, which was presented to each group of participants in a random order unique to that group, i.e., the LS training structure with three 3-member classes always had the same stimulus material and so on. The presentation of training trials was arranged in a variant of a simultaneous protocol. In the current experiment, all trial types were presented from the beginning, that is, on concurrent basis, but starting with only the correct sample-comparison pair. This was followed by a gradual increase in the number of comparisons. The training was divided into two phases. In Phase 1, the number of comparisons increased from 1 to 2. In Phase 2, all comparisons were presented and the feedback was gradually decreased from 100% to 0%. Phase 3, the test phase, was designed to test for emergent relations.
stimulus material. visual, abstract stimuli that were arbitrarily related were presented on the screen, with the sample stimulus always presented in the middle of the screen and three comparison stimuli randomly presented in three corners, leaving the fourth corner blank. Each training structure (see Figure 1 ) involved a different set of stimuli. The stimulus materials were Greek, Cyrillic, Japanese, Hebrew, and Arabic letters. Figure 1 shows the stimulus sets used for each condition. All participants were tested in individual sessions. The order of presentation of the training structures is shown in Table 1 . Four participants started with the LS training structure, followed by OTM and MTO training structures, first with 3-member classes and then with 4-member classes (indicated at the top of Table 1 ). The next four participants started with the MTO training structure, followed by OTM and then LS training structures, first with 3-member classes and then with 4-member classes (indicated in the middle of Table 1 ). The last four participants started with the OTM training structure, followed by LS and MTO training structures, first with 3-member classes and then with 4-member classes (indicated at the bottom of Table 1 ). with the first training structure each participant was exposed to shown in the far left column and the last in the far right column. general information given to the participants. When the participants agreed to participate in the experiment, they were told that the study was an investigation in the field of behavior analysis involving some tasks being presented on a computer screen. They were told that the task involved choosing stimuli on the screen by using a computer mouse, and that no additional computer skills were necessary. Furthermore, the participants were told that the experiment would be conducted over 2 days and that it would last for approximately 2 hours each day (a total of 4 hours), depending on how rapidly and correctly they responded. The participants were also informed that they would get one lottery ticket ("Flax" ticket) for each day of participation in the experiment. The value of the lottery ticket was 25 Norwegian kroner, approximately 4 U.S. dollars. Eight of the 12 participants completed the current experiment in two sessions, and the last 4 participants completed in three sessions.
instructions. When a participant was ready to start the experiment, the following text came up on the screen:
In a moment a stimulus will appear in the middle of the screen. A mouse click on the letter will make another symbol appear. In the first trials only one symbol will appear on the screen. After some trials you have to choose one of the symbols in a corner of the screen by clicking on it with the mouse. The computer will tell you if your choices are correct or wrong. During some stages of the experiment the computer will NOT tell you if your choices are correct or wrong. However, based on what you have learned so far, you can get all of the tasks correct. Please do your best to get everything right. Thank you and good luck! Eq: A1B1B2B3, A2B1B2B3, A3B1B2B3, B1A1A2A3, B2A1A2A3, B3A1A2A3, A1C1C2C3,  A2C1C2C3, A3C1C2C3, C1A1A2A3, C2A1A2A3, C3A1A2A3, B1C1C2C3, B2C1C2C3,  B3C1C2C3, C1B1B2B3, C2B1B2B3, C3B1B2B3 72 trials 0% Note: In Phase 1, trials are trained separately; first only one and then two comparisons (the trial types with one comparison are shown in the table). Sym. = symmetry. Trans. = transitivity. Eq. = equivalence. In Phase 2, all trials are trained simultaneously. The underlined comparison is the correct response.
The last instruction on the screen was, "Press here when you are ready to start."
Training and testing. Each trial started with the presentation of a sample stimulus. The sample stimulus always appeared in the middle of the screen. Comparison stimuli were presented when the participant clicked on the sample stimulus. The comparison stimuli were presented randomly per trial in the corners of the screen. The sample stimulus remained on the screen until the participant clicked on a comparison stimulus. A correct choice was followed by feedback consisting of written text, such as Correct, Super, and Awesome. An incorrect choice was followed by the written text Wrong. The duration of the feedback was 1,000 milliseconds. All comparison stimuli disappeared after any choice response, and after an intertrial interval of 1,000 milliseconds a new sample stimulus was presented (i.e., start of the next trial). At the start of each trial, the position of the mouse was automatically reset to the middle of the screen near the sample stimulus.
For the training structures with three 3-member classes, all training blocks consisted of 24 trials, with 4 trials of each trial type randomly presented in each block. A minimum of 22 correct trials out of 24 trials was required to proceed to the next block or phase. For the training with three 4-member classes, the number of trials in each block was 36, and the criterion was a minimum of 33 correct trials out of 36 trials. The phases, number of trials to criterion, feedback, and trial types included in the training structures are shown in Tables 2 and 3, respectively, for both the three 3-member classes and the three 4-member classes.
Phase 1-Acquisition. The Acquisition phase consisted of two blocks in which the comparisons were gradually increased (errorless training). In the first block, a response to the sample stimulus was followed by only the correct comparison (S+) being presented on the screen. However, all trial types were presented separately, and each trial type was presented four times in a random order before the next block was introduced. Examples of the trial types are described below (only for the LS training structure; see Tables 2  and 3 for details concerning the other training structures). For the three 3-member classes (see Table 2 ), the trial types were A1B1, A2B2, A3B3, B1C1, B2C2, and B3C3 (the underlined comaprison is the correct response). In the three 4-member classes (see Table 3 ), the trial types were A1B1, A2B2, A3B3, B1C1, B2C2, B3C3, C1D1, C2D2, and C3D3.
In the next block, two comparisons were presented on the screen (S+ and S-) after a response to the sample stimulus, and again all trial types were presented randomly. For the three 3-member classes the trials were A1B1B2, A1B1B3, A2B1B2, A2B2B3, A3B1B3, A3B2B3, B1C1C2, B1C1C3, B2C1C2, B2C2C3, B3C1C3, and B3C2C3. For the three 4-member classes they were A1B1B2, A1B1B3, A2B1B2, A2B2B3, A3B1B3, A3B2B3, B1C1C2, B1C1C3, B2C1C2, B2C2C3, B3C1C3, B3C2C3, C1D1D2, C1D1D3, C2D1D2, C2D2D3, C3D1D3, and C3D2D3.
Phase 2-Maintenance. This training phase consisted of five blocks. All comparisons were randomly presented in each trial. For the three 3-member classes, the trial types were A1B1B2B3, A2B1B2B3, A3B1B2B3, B1C1C2C3, B2C1C2C3, and B3C1C2C3. For the three 4-member classes, the trial types were A1B1B2B3, A2B1B2B3, A3B1B2B3, B1C1C2C3, B2C1C2C3, B3C1C2C3, C1D1D2D3, C2D1D2D3, and C3D1D2D3. In the first of the five blocks, the feedback was 100%. The next four blocks were identical to that described above, except that the feedback was reduced in four steps from 75% to 50% to 25%, and finally to 0% probability.
Phase 3-Testing. Phase 2 training was followed by a test phase with a block of test trials. In this test block, all test trial types were randomly intermixed (i.e., symmetry trials and transitivity/equivalence trials). When testing for three 3-member classes, the test block consisted of a block mixing 24 symmetry and 24 transitivity/equivalence trials. In the three 3-member classes, the test trial types for LS were B1A1A2A3, B2A1A2A3, B3A1A2A3, B1C1C2C3, B2C1C2C3, and B3C1C2C3 (symmetry); A1C1C2C3, A2C1C2C3, and A3C1C2C3 (transitivity); and C1A1A2A3, C2A1A2A3, and C3A1A2A3 (equivalence).
In the test after training with three 4-member classes, a block of 36 trials tested for symmetry and 72 trials tested for transitivity/equivalence. The test trial types for LS were B1A1A2A3, B2A1A2A3, B3A1A2A3, C1B1B2B3, C2B1B2B3, C3B1B2B3, D1C1C2C3, D2C1C2C3, and D3C1C2C3 (symmetry); A1C1C2C3, A2C1C2C3, A3C1C2C3, B1D1D2D3, B2D1D2D3, B3D1D2D3, A1D1D2D3, A2D1D2D3, and A3D1D2D3 (transitivity); C1A1A2A3, C2A1A2A3, C3A1A2A3, D1A1A2A3, and D2A1A2A3, D3A1A2A3, D1B1B2B3, D2B1B2B3, and D3B1B2B3 (equivalence).
No feedback was given during the test trials. We ended the experiment if the test was passed with a minimum of 90% correct responses. Thus, if the participants did not respond above 90% correct, new training was introduced, as described in Phase 2, followed by the final test for symmetry and transitivity/equivalence.
Definition of responding in accord with equivalence and symmetry. We defined responding in accord with symmetry and equivalence in three 3-member classes as a participant response of 22/24 (correct/total) or more on both tests, or a sum of both scores that were more than 90% correct. For the training of 3 four-member classes, the numbers were 33/36 and 65/72 or more, or a more than 90% correct sum of scores.
Reaction time. Reaction time was recorded for responses to comparison stimuli. We calculated the median reaction time to comparison stimuli for each participant for (1) the last five training trials, (2) the first five symmetry trials, (3) the first five equivalence trials in the test block, (4) the last five symmetry trials, and (5) the last five equivalence trials in the test block. Means of reaction times for all the five types above were calculated for the four participants in each group.
results number of responses
Individual data for number of training trials, number of errors, and number of responses in accord with symmetry and transitivity/equivalence are shown in Tables 4 through 9. The training structures with three 3-member classes are referred to as LS-3, MTO-3, and OTM-3 and the structures with three 4-member classes are referred to as LS-4, MTO-4, and OTM-4. The first column in each table shows the participant numbers, followed by the number of training trials the number of and errors and responding during testing. The training has been divided into two parts, acquisition and maintenance (the phases with fading of the feedback). The tables show the number of responses above the number of trials to criterion. In the columns with symmetry, transitivity (for LS) and equivalence, successful responding according to the criteria set has been marked in bold text. Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 22 of 24 or more). Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 33/36, 44/48, and 65/72 or more). Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 22 of 24 or more). Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 33/36, 44/48, and 65/72 or more). Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 33/36, 44/48, and 65/72 or more). Note. Tot. = total number of training trials above the minimum required; Err. = errors; Sym. = symmetry; Eq. = equivalence. Scores that are defined as symmetry or equivalence are in bold text (i.e., 33/36, 44/48, and 65/72 or more).
participants starting with ls. As shown in Tables 4 and 5, Participants 1351 and 1354 had the least number of responses in the OTM conditions compared to other conditions, and not more responses than the criterion in the OTM-4 condition. Participant 1353 had a high number of responses for all conditions. Participant 1355 had a large number of responses in the LS-3 condition, but for the following conditions the responses were minimal, and not more than the criterion for the four last conditions. The total number of training trials with both 3 and 4 members is highest for the LS training structures. All participants required more training trials during the MTO structure than during the OTM structure, for both 3 and 4 members. During the first part of training, the number of errors was highest for the LS-3 and MTO-4 training structures. Furthermore, during the second part of training, the number of errors was highest in the LS-4 training structure.
participants starting with mTo. Tables 6 and 7 show that, for all conditions except for the two MTO conditions, Participant 1356 did not respond with more responses than the criterion. Participant 1357 needed a second training and test phase in MTO-3. In the rest of the conditions, this participant did not respond with more responses than the criterion. Participant 1358 had more responses than the criterion for all conditions except for LS-4. Participant 1359 had more responses than the criterion for all conditions except the two OTM conditions and the LS-3 condition. Thus, the number of training trials was highest for the MTO training structure with both 3 and 4 members. The number of training trials for both the OTM and LS structures is substantially lower than for the MTO. As shown in Table 7 , the pattern of number of errors is the same as for number of responses.
pa rt icipa nts sta rt i ng w it h oT m . A s show n i n Tables 8 a nd 9, Participant 1581 had the most responses in all training structures, that is, nearly 400 responses more than the other 3 participants in the first condition. Participant 1582 had more responses than criterion only in the first training condition, OTM-3. Participant 1583 had many responses in all training structures except for OTM-4 and MTO-4. Participant 1584 had more responses than criterion only in the OTM-3 and OTM-4 conditions. The total number of training trials in the first phase of training in the first condition, OTM-3, was 600 trials for all 4 participants. Furthermore, the number decreased as a function of the introduction of the new training structures. The total number of trials in the second phase of training showed a similar pattern except for the LS-4 training structure, in which the number of trials increased. The number of errors shows the same pattern across training structures as the number of responses does. stimulus equivalence class establishment participants starting with ls. Participants 1351 and 1354 did not respond in accord with stimulus equivalence in the LS-3 condition in the first test, but did respond in accord with stimulus equivalence in the second test and in all the following conditions (see Tables 4 and 5 ). Participant 1353 did not respond in accord with stimulus equivalence in the first test in LS-3, MTO-3, and MTO-4, but did respond in accord with stimulus equivalence in the second test in all 3-member conditions. The participant responded in accord with stimulus equivalence in the OTM-4 and MTO-4 conditions. participants starting with mTo. Participants 1356 and 1358 responded in accord with stimulus equivalence in all conditions, as shown in Tables 6 and 7 . Participant 1357 responded in accord with stimulus equivalence in the second test in the MTO-3 condition, and responded in accord with stimulus equivalence in all of the other conditions. Participant 1359 did not respond in accord with symmetry in the MTO-3 condition, and did not receive a second training and test phase due to programming error. Even so, the participant responded in accord with stimulus equivalence in all of the following conditions. participants starting with oTm. As shown in Tables 8 and 9 , all 4 participants responded in accord with stimulus equivalence, but 2 of the participants (1581 and 1583) did not respond in accord with symmetry in the first test. In the LS-3 training structure, 3 of 4 participants responded in accord with stimulus equivalence. Participant 1583, who did not respond in accord with stimulus equivalence in the first test, did not do so in the second test either. Two of 4 participants responded in accord with stimulus equivalence in the MTO-3 training structure. Participant 1581 did respond in accord with stimulus equivalence in the second test, after retraining. Participant 1583 did not respond in accord with stimulus equivalence after the second test. In the OTM-4 training structure, all participants responded in accord with stimulus equivalence. In the LS-4 training structure 2 of 4 participants responded in accord with stimulus equivalence. One participant, 1581, did not respond correctly on the two-node test, but responded in accord with stimulus equivalence on the second test. Participant 1583 did not respond in accord with stimulus equivalence after the second test. All participants responded in accord with stimulus equivalence in the MTO-4 training structure.
comparing all conditions. Following the LS-3 structure, none of the 4 participants responded in accord with stimulus equivalence, and 2 of the participants responded in accord with symmetry in the first test (see Table 4 ). In the second attempt at LS-3 second test, the other 2 participants also responded in accord with symmetry, and 1 of 4 participants responded in accord with stimulus equivalence. When the number of members was increased to 4, 3 of 4 participants responded in accord with stimulus equivalence when LS-4 was introduced as the fourth condition (see Table 5 ). When LS-3 was introduced after MTO-3 and OTM-3, 4 of 4 participants responded in accord with stimulus equivalence (see Table 6 ), and 4 of 4 participants responded in accord with stimulus equivalence when LS-4 was introduced as the last condition (see Table 7 ). When they followed the OTM training structure, both 3 and 4 members, and independent of the sequence, 4 of 4 participants responded in accord with symmetry and equivalence. When following the MTO training structure, either introduced first or at the end of the sequence, 3 of 4 participants responded in accord with stimulus equivalence. With 4 members in the MTO structure, 4 of 4 participants responded in accord with symmetry and equivalence.
reaction time
In Figures 2, 3, and 4 , each bar represents median reaction time to comparison stimuli for all participants. In each panel in the figures, the white bar is the median reaction time to comparison stimuli for the last five training trials, the gray bar is the median reaction time to comparison stimuli for the first five test trials, and the black bar is the median reaction time to comparison stimuli for the last five test trials. The upper panel in each figure shows median reaction time for the symmetry trials, while the lower panel is for the equivalence trials. The results show that for all participants, reaction times to comparison stimuli during the first five test trials were higher than during the last five trials in training in both equivalence and symmetry. Furthermore, reaction times to comparison stimuli during the first five trials in the equivalence test were higher than reaction times to comparison stimuli during the first five trials in the symmetry test.
As shown in the upper panel in Figure 2 , for the participants starting with LS-3, the increase from training to test was most pronounced for the LS training structures. For the equivalence trials (lower panel), the increase from baseline to testing was even more pronounced, especially for the LS training structure, both in LS-3 and LS-4. Median in Sec.
Symmetry Trials
Last 5 Median in Sec.
Equivalence Trials
Last 5 As show n i n t he upper pa nel i n Fig u re 3, t he pa rt icipa nts who started with MTO-3 showed an increase from training to test that was most pronounced for the LS-3, LS-4, a nd MTO-4 tra i n i ng str uct ures. For the equivalence trials (lower panel), the increase from baseline to testing was most pronounced for the LS train ing structure w ith four members. Median in Sec.
Symmetry Trials
Equivalence Trials
Last 5 For the participants who began with the OTM-3 training structure, the median reaction times for the symmetry trials were about the same for all conditions (see Figure 4 ). The median reaction times for equivalence trials were most pronounced in the LS-3 and the OTM-3 training conditions. Median in Sec.
Symmetry Trials
Last 5 
discussion
The main purpose of the current experiment was to explore the stimulus equivalence outcome as a function of different training structures in matching-to-sample tasks arranged in a within-subject design. Furthermore, we wanted to study (1) if there were any differences between the training structures when the number of members in each class was increased and (2) if the order of training and testing was important. The main findings were that (1) the LS training structure produced the lowest outcome on the equivalence tests, (2) the OTM training structure gave higher outcomes than the MTO training structure in testing for 3-member classes, and (3) in the tests following the training of 4-member classes, there was no difference between the OTM and MTO training structures. When the MTO training structure was introduced first, it actually gave lower outcomes than the OTM. Therefore, the differences in stimulus equivalence outcome between the OTM and MTO training structures were not as predicted from the R. R. Saunders and Green (1999) hypothesis. The stimulus equivalence outcome following the LS training structure was lower compared to both OTM and MTO, which is a replication of earlier findings (Arntzen & Holth, 1997 , 2000a R. R. Saunders et al., 2005) . Furthermore, the current study replicated the findings from other studies with three choices in which OTM gave higher outcome than MTO (Arntzen & Holth, 1997 , 2000a .
With respect to the number of training trials to criterion, we found fewer training trials in the OTM training structure compared to the MTO training structure, with both 3-and 4-member classes. In addition, we found that the reaction time to comparison stimuli was longer in equivalence trials than symmetry trials. The participants in the current study showed longer reaction time in the test for symmetry and equivalence trials than in baseline trials, and this was more pronounced for the equivalence trials. These findings are in accordance with a number of other studies (Arntzen & Holth, 1997 , 2000a Arntzen & Lian, in press; Eilifsen & Arntzen, 2009; Holth & Arntzen, 1998 , 2000 R. R. Saunders et al., 2005; Spencer & Chase, 1996) . The reaction time was longer with an increased number of nodes, that is, the reaction time was longer in the LS training structure with 4 members than with 3-members. This is in accordance with previous research (Arntzen & Holth, 2000b; Bentall, et al., 1999; Fields, Adams, Newman, & verhave, 1990) , but not in accordance with Imam (2006) .
Procedural issues raised during this study include (1) fading of feedback before the tests and (2) differing trial types during testing across studies, which could be related to the differential outcomes reported. With respect to the first issue, in some studies, fading of consequences was instigated at the end of the training. In earlier studies in our lab we did not include a phase with fading of consequences prior to testing. It could be argued that the low rates in stimulus equivalence outcome in the earlier studies could be related to extinction. Therefore, in order to control for this in the current study, we gradually faded the feedback in the last part of training before we conducted testing. Nonetheless, we still replicated earlier findings from our lab, suggesting to us that the feedback fading is not responsible for the differing outcomes evidenced with the OTM and MTO training structures.
In regard to the second issue, the trial types during testing, R. R. Saunders et al. (2005) have argued that conducting only a CA test (or a global equivalence test) could have influenced the results found by Holth (1997, 2000a) . In order to control for this, in the current study, we initiated a more comprehensive testing protocol that included all types of test trials randomly mixed in a block. Again we replicated the earlier findings from our lab, suggesting to us that the arrangement of only having included the global equivalence test (i.e., CA only) does not explain the previous findings coming from our lab.
How the training trials have been introduced in the training could be important when analyzing the difference in outcome on the tests, and could have implications for the differences in number of trials to criterion and errors that have been reported. In some studies, the training trials have been introduced as errorless training, as in the current and other experiments (Arntzen & Holth, 1997 , 2000a Arntzen & vaidya, 2008) . However, in other studies the relations are presented simultaneously from the start of training (e.g., R. R. Saunders et al., 2005) . In the current study, we saw substantially fewer errors in the OTM training structure compared to the MTO training structure in the initial training and also in the maintenance part of training. Furthermore, we saw more errors in the LS-3 and MTO-3 training structure in both initial and mixed training, but no difference between OTM-4 and MTO-4. These findings are partly in accord with other studies that have shown that the number of trials to criterion is higher for the MTO than the OTM training structure (Arntzen & Holth, 1997 , 2000a Fields, Hobbie-Reeve, Adams, & Reeve, 1999; . Because the trials in the current experiment were introduced as errorless training and still the participants made some errors in the acquisition phase, it could be argued that they did not observe the different stimuli on the screen, but merely clicked on the comparison because only one was presented at a time. However, during the training with mixed trials, the number of training trials was about the same as trials to criterion. R. R. argued that overtraining in the OTM training structure is a reason for higher outcomes compared to the MTO training structure. However, in the findings reported here this could not be the case, because the OTM training structure did not require more training trials than the other structures.
The current experiment was arranged in a within-subject design to see if and how earlier training with different training structures influenced the performance on later training structures. As mentioned earlier, the LS training structure gives the lowest yields of responding in accord with stimulus equivalence. In the current experiment, it is interesting that when the LS structure was trained first (see Tables 4 and 5) or second, following OTM (see Tables 8  and 9 ), test performances often did not show equivalence, even on retesting. On the other hand, when training began with MTO, symmetry and equivalence responding was nearly perfect in the LS training structure. As mentioned before, the participants must in the MTO structure discriminate every stimulus from every other and therefore this structure is the most difficult one to train. One interpretation could be that those participants have the opportunity during testing to learn the importance of having acquired all those discriminations. Therefore, this can have an effect on what is happening in the OTM and LS training structures that are introduced later. Actually, there are very few extraneous training trials in either the OTM or LS structures. Furthermore, there are also near-perfect test performances in both structures. As can be seen in Tables 8 and 9 , when OTM is trained first, there is no such effect on the LS and MTO structures that follow. Therefore, it could be argued that the MTO training structure is a very effective structure in the sense that it will give higher yields in the structures that follow, even in LS with three 3-member and three 4-member classes. Further research should focus on this and expand the number of members in each class.
Another variable that could have influenced the outcome on the equivalence tests is the difference in number of sample comparison relations. In the OTM training structure, one sample is related to more than one comparison stimulus; while in MTO, one comparison stimulus is related to more than one sample stimulus. In training in the MTO, the participants could learn to predict correct comparison stimuli based on the choice of sample stimulus. However, in the test it would not be possible to make such predictions about comparison stimuli based on the sample stimulus (Arntzen & Holth, 2000a) . Reaction time data could shed light on the shift among stimuli between sample and comparison when going from training to test. In the current study, we replicated earlier findings (Arntzen & Holth, 1997 , 2000a in which the relative differences in reaction times increase substantially more from the baseline to the equivalence test in the MTO training structure compared to the OTM training structure. The greater increase in reaction time in the MTO training structure supports the interpretation that it is possible to predict the comparison stimuli in the MTO training. In the test, the sample is suddenly related to more than one comparison stimulus, and the reaction time could then increase. For all training structures, the increase in reaction time from baseline to the tests for responding in accord with stimulus equivalence could indicate that stimulus equivalence emerges more gradually and that reaction times indicate some problem-solving behavior or precurrent behavior (Arntzen & Holth, 1997 , 2000b . It is important to note that this precurrent response is not some sort of intervening variable (Arntzen, 2004) .
Results from the current study are in accordance with results from other studies with college students from our lab (Arntzen & Holth, 1997 , 2000a . On the other hand, most of the studies that have shown the superiority of MTO have used children or participants with mental disabilities (e.g., Arntzen & vaidya, 2008; K. J. Saunders et al., 1993; R. R. Saunders & McEntee, 2004) and elderly citizens (R. R. Saunders et al., 2005) . Wilson and Milan (1995) found significant differences in responding in accord to stimulus equivalence between a group of adults 19 to 22 years old and a group of adults between 62 and 81 years old. The participants in the last group responded to a lesser degree in accord with stimulus equivalence compared to the younger ones in the first group. Arntzen and vaidya (2008) argued that it is possible that the difference between simultaneous and successive discriminations is more pronounced in children than in adults with a more comprehensive and complex behavioral repertoire. However, such factors could be responsible for the differences in the outcome of OTM and MTO training structures with children and adults as participants. More systematic studies with different age groups need to be done to clarify the issue of age and outcome on equivalence tests.
In summary, except for the study by R. R. Saunders et al. (2005) , none have actually tested the prediction made by R. R. Saunders and Green (1999) as we have directly addressed it in the current study. The results from the current experiment did not fully support the predictions derived from the discrimination analysis. The current experiment showed that (1) LS was the least effective training structure, (2) the OTM training structure was slightly more effective than MTO, and (3) this was especially the case when the number of classes increased. The finding that LS without any experimental history is the least effective training structure is in accordance with other studies (e.g., Arntzen & Holth, 1997 , 2000a Saunders et al., 2005; Saunders & McEntee, 2004) . The results for the participants starting with the MTO training structure showed that responding in accord with stimulus equivalence in the LS training structure was considerably higher than when the LS training structure or the OTM training structure were the first structures trained. The participants showed longer reaction times to the first five test trials compared to the last five training trials. In addition, we also found longer reaction times on equivalence trials compared to symmetry trials. There are relatively few studies that have found that OTM gives the highest outcome on the equivalence test and that the difference between the training structures does not increase as a function of increasing number of members. We have also discussed some variables in the training and test protocols that may be important in explaining different findings, and suggested important avenues for further study.
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